Conclusion Age, systolic blood pressure, and the hemoglobin level are important factors influencing BNP. The BMI alone is not a so important predictor, but the combination of the BMI and percent body fat measured by bioelectrical impedance analysis is an important predictor. In addition, under-nutrition elevates the BNP level.
INTRODUCTION
BNP and NT-proBNP reflect the left ventricular wall pressure [1] , serving as biomarkers of heart failure [2] . High BNP and NT-proBNP levels in the elderly [3] , atrial fibrillation [4] , hypertrophic cardiomyopathy [5] , coronary atherosclerosis [6] , hypertension [7] , and anemia [8] have been reported.
However, there are many inconsistencies with regard to factors influencing BNP and NT-proBNP. Firstly, obesity (BMI≧30kg/m 2 , Japanese; BMI≧25kg/m 2 ) reduces the BNP and NT-proBNP levels [9] - [16] . Since BNP and NT-proBNP are markers of heart failure and obesity is a risk factor of ischemic heart disease, it is confusing that obesity reduces the BNP and NT-proBNP levels. Secondly, the BNP and NT-proBNP levels rise in women [3] , [16] , [17] , but this is also contradictory because female sex hormones protect the cardiovascular system [18] . The third controversial point is elevation of the BNP and NT-proBNP levels brought about by low levels of LDL cholesterol and metabolic syndrome components [16] , because high LDL cholesterol and metabolic syndrome component levels are apparently risk factors of ischemic heart disease.
The objective of this study was to identify explanatory factors of the BNP level involving subjects undergoing a health checkup. The relationships of the BNP level with the percent body fat, BMI, gender, LDL cholesterol, and metabolic syndrome components were also investigated.
SUBJECTS AND METHODS
Excluding 4 persons who showed a markedly high BNP level for their ages, 2,670 subjects who underwent BNP measurement at our facility between April 2009 and March 2010 were enrolled. Blood sampling and physical measurements were performed in the morning in all subjects. After plasma extraction from the blood samples, BNP was measured with a specific imumuno enzyometric assay using a commercial kit (Shionogi, Osaka, Japan). The percent body fat was measured employing the impedance method.
The BNP level were log-transformed before statistical analysis. Multiple regression analysis was performed involving 2,451 subjects. The log-transformed BNP level was regarded as a target variable and the following 23 items as explanatory variables: gender (male: 0, female: 1), age (years), height (cm), body weight (kg), waist circumference (cm), BMI (kg/ m 2 ), percent body fat (%), systolic blood pressure (mmHg), hemoglobin concentration (g/dl), total bilirubin (mg/dl), aspartate transaminase (IU/l), alanine transaminase (IU/L), β-glutamyltranspeptidase (IU/l), alkalinephosphatase(IU/l), lactate dehydrogenase(IU/l), cholinesterase(IU/l), albumin (g/dl), creatinine (mg/dl), uric acid (mg/dl), high-density lipoprotein cholesterol (mg/dl), triglycerides (mg/dl), low-density lipoprotein (LDL) cholesterol (mg/dl), and fasting plasma glucose (mg/dl).
Multiple regression analysis was performed using add-in software, Mulcel The cholinesterase level was the lowest in the 80-86, followed by the 70-79 age group in males. In contrast, the lowest level was observed in the 27-39, followed by the 80-86 age group in females. The LDL cholesterol level was the lowest in the 70-79, followed by the 60-69 age group in males. In contrast, the lowest level was observed in the 27-39, followed by the 80-86 age group in females. Regarding 23 items as explanatory variables, multiple regression analysis concerning log-transformed BNP was performed involving 2,451 subjects. The results are shown in Table 2 . Age (standard regression coefficient (β): 0.261, p-value: 5.2E-26), percent body fat (β: -0.239, p-value: 1.1E-8), female gender (β: 0.230, p-value: 1.4E-7), hemoglobin level (β: -0.158, p-value: 1.4E-9), and systolic blood pressure (β: 0.135, p-value: 9.1E-13) were particularly useful explanatory variables.
Multiple regression analysis concerning log-transformed BNP was performed regarding the female gender, age, Multiple regression analysis concerning log-transformed BNP was performed involving 2,665 subjects regarding 6 items: the female gender, age, systolic blood pressure, hemoglobin level, percent body fat, and e-Fat, as explanatory variables (Table 3-F). β of e-Fat was 0.200 and its absolute value was near to that (-0.292) of the percent body fat.
Multiple regression analysis concerning log-transformed BNP was performed regarding the female gender, age, systolic blood pressure, hemoglobin level, and BMI as explanatory variables involving 2,670 subjects (Table 4-A). Multiple regression analysis was then performed using 4 explanatory variables (Table 4 -B) and 3 explanatory variables (Table 4-C) . β values of the age, systolic blood pressure, and hemoglobin level were 0.344~0.345, 0.105~0.116, and -0.300~-0.287, respectively, suggesting that these are useful explanatory variables. β values of the female gender and BMI were 0.007 and -0.042~-0.041, respectively.
Multiple regression analyses concerning log-transformed BNP were performed regarding 9, 8, and 6 of the following 9 items as explanatory variables: female gender, age, BMI, systolic blood pressure, hemoglobin concentration, cholinesterase, albumin, LDL cholesterol, and fasting plasma glucose level (Table 5 -A, 5-B, -C, -D, and 5-E, -F, -G, respectively to the number of explanatory variables). In 5-A, β values of the age, hemoglobin level, systolic blood pressure, cholinesterase, and albumin were 0.307, -0.202, 0.142, -0.097, and -0.092, respectively, showing that these 5 items were important explanatory variables. The absolute values of β of LDL cholesterol (-0.077) and fasting plasma glucose (-0.050) were apparently smaller than those of cholinesterase and albumin. The p-values of BMI became larger than 0.05 in Table 5 -A~E and G.
DISCUSSION
Association of BNP with age, blood pressure, and hemoglobin level On the multiple regression analysis shown in Table 3A -E, β values for age, systolic blood pressure, and the hemoglobin level were 0.314~0.347, 0.114~0.129, and -0.285~-0.239, respectively, showing no major variation, and the p-values of all items were very low (2.5E-10), providing supporting evidence that these are useful explanatory variables of BNP. Elevation of the BNP and NT-proBNP levels in the elderly [3] , hypertension [7] , and a low hemoglobin level [8] has been reported. The BNP level elevation under these conditions is understandable because ventricular wall compliance decreases at an advanced age, hypertension induces left ventricular overload, and the heart rate and myocardial oxygen consumption increase under a low hemoglobin condition. Accordingly, it is clear that an advanced age, high systolic blood pressure, and low hemoglobin level elevate the BNP level. Association between BNP and percent body fat, BMI, and waist circumference Obesity (BMI≧30kg/m 2 , Japanese; BMI≧25kg/m 2 ) [9] - [15] or a high BMI [6] , [8] , [16] reportedly reduced the BNP and NT-proBNP levels in many studies, which is confusing because BNP and NT-proBNP are markers of heart failure and obesity is a risk factor of ischemic heart disease. In addition, a high BMI did not necessarily reduce the BNP and NT-proBNP levels in some reports [17] , [19] , [20] .
β values of the percent body fat, BMI, and waist circumference were -0.292~-0.124, -0.042~0.153, and -0.038~0.061 in Table 3A~E , respectively, showing marked variations. Moreover, the signs of β of the BMI and waist circumference were often opposite to that of β of the percent body fat, which is controversial because the percent body fat, BMI, and waist circumference are indices of obesity and positive correlations are present among these. This phenomenon may be simply viewed as a problem of multicolinearity, but it may have an important significance.
The body fluid volume varies with exercise, dehydration, and eating and drinking. Historically, bioelectrical impedance analysis has been employed as a method to evaluate the body fluid volume [21] . At our facility, most persons undergoing medical checkups are in a state of mild dehydration because they undergo a checkup without having breakfast. The BMI and percent body fat may have offset each other and lost their roles as indices of obesity but acquired roles as indices of the body fluid volume or dehydration. To verify this hypothesis, we established e-Fat. β of e-Fat was 0.200, and its absolute value was near to that of the percent body fat (-0.292), showing the opposite sign. This finding indicates that under conditions allowing calculation of e-Fat, the e-Fat part acts toward offsetting, through which the part presented by the percent body fat is mostly lost. The waist circumference and BMI essentially include not only the Fat mass but also the muscle mass and body fluid volume, and these parts should not be offset as the percent body fat by e-Fat. Accordingly, when the percent body fat is adopted simultaneously with the BMI or waist circumference as an explanatory variable of BNP, it is very useful, serving as an index of the body fluid volume or dehydration, but the BMI alone may not be so useful as an explanatory variable of BNP.
Gender difference in BNP
Reportedly, BNP and NT-proBNP generally increase in women [3] , [6] , [8] , [16] , [17] , [20] , but this is contradictory because female sex hormones protect the cardiovascular system [18] . In addition, NT-proBNP did not increase in women was reported [19] .
β of female gender showed a marked variation: 0.007 (Table 4 -A) ~ 0.230 (Table 2 ). When the percent body fat was adopted as an explanatory variable, β of female gender rose to 0.201 (Table 3 -B) ~ 0.230 (Table 2) excluding Table  3 -C and 3-F. The waist circumference and the BMI were not adopted as explanatory variables in 3-C and the usefulness of the percent body fat as an explanatory variable markedly decreased, resulting in the low β of female gender. In Table  3 -F in which e-Fat was adopted as an explanatory variable, β of female gender was 0.081, indicating that the female gender becomes less usefulness when the percent body fat measured employing a method other than the impedance method. The gender difference in BNP may have mostly been derived from the difference in the hemoglobin level likely as previous report [20] .
Association between BNP and cholinesterase, albumin, LDL cholesterol, and fasting plasma glucose It has been reported that low LDL cholesterol, low metabolic syndrome component [16] , and low albumin levels [19] elevate the BNP and NT-proBNP levels, but this is confusing because high LDL cholesterol and metabolic syndrome component levels are apparently risk factors of ischemic heart disease.
The findings are as follows: 1) The greatest absolute value of β of albumin (-0.117) was noted in Table 5 -F, 2) that of cholinesterase (-0.133) was noted in 5-E, 3) that of LDL cholesterol (-0.101) was noted in 5-G, and 4) the p-value of cholinesterase (9.4E-13) noted in 5-E was smaller than that of albumin (3.2E-10)noted in 5-F. 5) Among 5-B, 5-C, and 5-D, the R was the highest in 5-B. 6) The lowest cholinesterase level in men was noted in the 80-86 followed by the 70-79 age group, but 7) that in women was noted in the 27-39 followed by the 80-86 age group. 8) The lowest albumin level was noted in the 80-86 followed by the 70-79 age group in both genders. 9) LDL cholesterol in men was the lowest in the 70-79 followed by the 60-69 age group, but 10) that in women was noted in the 27-39 followed by the 80-86 age group. Based on 1) and 8), albumin represented the nutritional condition in relation to aging, but it did not reflect under-nutrition in women in the 27-39 age group. In contrast, 2) and 4)-7) indicated that cholinesterase is a variable representing the nutritional condition irrespective of aging, and it wellreflected under-nutrition in women in the 27-39 age group, showing that it is the most useful variable among cholinesterase, albumin, and LDL cholesterol. Based on 3), 5), 9), and 10), LDL cholesterol is a variable representing aging and the nutritional condition of women in the 27-39 age group, but is less useful than cholinesterase and albumin. Based on these findings, we consider the following: under-nutrition probably acts toward BNP elevation, and a low LDL cholesterol level does not necessarily indicate a low cardiovascular risk as an explanatory variable of BNP, but it might indicate undernutrition. Since bradycardia, relative hypotension, ectopic rhythms, mitral valve prolapse, and ventricular dysfunction frequently occur in anorexia nervosa or starvation [22] , the BNP level rises in an under-nutritional state.
Study limitations
We proposed that the difference between the BMI and percent body fat serves as a factor representing the body fluid volume or dehydration. But, at present, it is difficult to discuss the existence of dehydration. So, further study are required to investigate this hypothesis.
CONCLUSION
Multiple regression analysis concerning BNP was performed involving 2,670 examinees undergoing a medical checkup, and the age, systolic blood pressure, and hemoglobin level were important explanatory factors. The BMI and gender alone were not so useful explanatory factors, but when the BMI and waist circumference were adopted in combination with the percent body fat measured by bioelectrical impedance analysis as explanatory variables, these served as important predictors. In addition, under-nutrition elevates the BNP level.
